Optic nerve glioblastoma is a rare entity that usually presents with rapidly progressive vision loss, which eventually results in blindness and, ultimately, death. As with malignant gliomas in other anatomical locations, local recurrence is common. Isolated rapid changes in vision, atypical neuroimaging findings, and the rarity of optic nerve glioblastoma may render diagnosis challenging and, thus, delay treatment. The authors present a case of optic nerve glioblastoma that was treated with subtotal resection followed by adjuvant radiation therapy and temozolomide. One year following the initial diagnosis, the patient developed a right cerebellar lesion, which was histopathologically consistent with glioblastoma. This case represents the first report of transtentorial dissemination of an optic nerve glioblastoma. In addition, the authors reviewed the literature regarding optic nerve glioblastomas. Of the 73 previously reported cases of malignant optic nerve gliomas, 32 were histologically confirmed glioblastomas. The mean age at diagnosis was 62 years, and 56% were male; the median survival was 7 months. A malignant glioma of the optic nerve should be considered in the differential diagnosis of a patient with rapidly progressive visual loss. However, the incidence of optic nerve glioblastoma is exceedingly low. MRI revealed a peripherally enhancing lesion centered on the right side of the optic chiasm, extending into both the prechiasmatic right optic nerve and postchiasmatic right optic tract. The mass was adjacent to the right side of the infundibulum, the underside of the A 1 segment of the anterior cerebral artery, and the right internal carotid artery terminus. The lesion was initially thought to be a meningioma, and no other intracranial enhancing lesions were present (Fig. 1B) .
M alignant gliomas are the most common and aggressive primary brain tumors. They are most often located in the supratentorial compartment. 29 Malignant optic nerve glioma (MONG) constitutes a rare entity that typically arises in the optic nerve or chiasm but may also present as a part of a multifocal disease process. 37 Patients with MONGs most commonly present with rapidly progressive vision loss, which eventually results in blindness. Similar to malignant gliomas in other locations, these lesions confer a dismal prognosis, with an associated overall survival of less than 2 years. 35, 37 These tumors are frequently misdiagnosed as inflammatory or nongliomatous neoplastic processes on initial presentation; thus, a biopsy is often required to confirm the diagnosis. 24, 28 While malignant gliomas are considered a diffusely disseminated disease, tumor recurrence most frequently occurs locally, with reported rates ranging from 70% to 100%. 8, 20 As reported by Sherriff et al., the majority of supratentorial glioblastomas with recurrence were observed in the ipsilateral hemisphere, and only 4% of the total recurrences were found in the contralateral hemisphere. 33 Transtentorial dissemination of malignant glioma is extremely rare, with only 2 case reports in the literature. 16, 36 To our knowledge, we present the first case of transtentorial spread of an optic nerve glioblastoma to the cerebellum.
Case Report History and Examination
A 66-year-old man presented to the ophthalmology clinic with progressively worsening right monocular nasal hemifield visual deficit and reduced visual acuity in his right eye persisting for approximately 1 year, with subsequent development of visual deficits in his left eye. On ophthalmological examination, the patient's visual acuity was 3/200 and 2/30 in his right and left eyes, respectively, with absent color vision in the right eye and a right afferent pupillary defect. He had a dense nasal defect in the right eye, as well as a relative temporal defect in the left eye, as confirmed by single-field analysis (Fig. 1A) . 
Transtentorial dissemination of optic nerve glioblastoma: case report
MRI revealed a peripherally enhancing lesion centered on the right side of the optic chiasm, extending into both the prechiasmatic right optic nerve and postchiasmatic right optic tract. The mass was adjacent to the right side of the infundibulum, the underside of the A 1 segment of the anterior cerebral artery, and the right internal carotid artery terminus. The lesion was initially thought to be a meningioma, and no other intracranial enhancing lesions were present (Fig. 1B) .
First Operation and Postoperative Course
The patient underwent a right pterional craniotomy for biopsy sampling and debulking of the optic chiasm lesion under the guidance of frameless stereotactic neuronavigation and intraoperative MRI. Postoperative MRI demonstrated a small amount of residual contrast enhancement at the base of the right optic nerve, which remained stable on repeat imaging at up to 12 months of follow-up (Fig. 1C) . The optic nerve lesion was determined to be a glioblastoma based on histopathological analysis. Postoperatively, the patient was treated with a course of fractionated radiation therapy (60 Gy) with concomitant temozolomide. On ophthalmological follow-up, the patient developed gradual worsening of his left homonymous hemianopia and worsening of mean sensitivity in his left eye but slightly improved right-eye acuity. Of note, preoperative images demonstrated no evidence of contrast enhancement or hyperintensity to indicate dissemination of glioblastoma to the cerebellum. However, follow-up imaging performed at 12 months demonstrated small foci of hyperintensity on T2-weighted imaging, suggestive of possible initiation of tumor infiltration to the cerebellum (Fig. 2) .
Second Operation and Postoperative Course
Approximately 14 months after the initial diagnosis and following completion of 10 cycles of temozolomide, routine follow-up imaging showed a new homogeneously enhancing mass, measuring 2.7 × 2.4 × 2.2 cm, with sur- rounding satellite enhancing lesions in the right inferior cerebellar hemisphere, extending into the right cerebellar tonsil ( Fig. 3A and B ). There was no evidence of a direct connection between the previously resected MONG and the newly diagnosed lesion (Fig. 3C ). The patient underwent a suboccipital craniectomy for resection of the right cerebellar lesion, and intraoperative MRI did not demonstrate any abnormal residual contrast enhancement ( Fig.  3D and E). The histopathological results of the cerebellar lesion were consistent with a glioblastoma. Follow-up imaging at 1 month demonstrated local recurrence (Fig.  3F) . The patient was then treated with another course of fractionated radiation therapy (25 Gy) with concomitant temozolomide. The cerebellar tumor progressed, and the patient died 2 months after the second surgery and a total of 16 months from initial diagnosis.
Histopathological Examination
Histopathological analysis of the right optic nerve tumor demonstrated findings consistent with glioblastoma (WHO Grade IV) (Fig. 4) . Immunostaining for mutant IDH-1 (R132H) was diffusely negative, and p53 immunostain was weakly positive. A pyrosequencing assay demonstrated MGMT promoter hypermethylation. The histopathology of the right cerebellar lesion was also consistent with a glioblastoma (Fig. 5 ). Similar to the optic lesion, there was no evidence of IDH-1 (R132H) mutation on immunohistochemical analysis, and p53 immunostaining showed minimal positivity.
Discussion
MONG was first described by Hoyt et al. in 1973. 17 Since then, there have been 73 reported cases of MONGs in the literature. 35, 37 Among these, 32 were confirmed to be glioblastomas, with a mean patient age of 62 years at the time of diagnosis. 2, 4, 7, [10] [11] [12] [13] 25, 27, 28, 30, 34, 35, 37, 39 Fourteen of the patients were female (44%) and 18 were male (56%). The median overall survival of the reported cases of optic nerve glioblastoma was 7 months ( Table 1) .
As seen in our case, patients with optic nerve glioblastomas usually present with a progressive decline in visual acuity and visual field deficits, eventually resulting in blindness. While the majority of patients initially present with monocular symptoms, nearly all patients eventually develop bilateral visual deficits due to infiltration of the optic chiasm and contralateral optic nerve. 26, 37 Additionally, symptoms, such as headaches, behavioral changes, and motor deficits, have been reported. 5, 14, 23 Optic nerve glioblastomas most commonly present as primary lesions involving the anterior portion of the optic tract and optic chiasm. Among the reported optic nerve glioblastoma cases, 5 presented with extensive involvement of contiguous structures (16%), 14, 15, 23, 35 and 5 were a part of multifocal glioblastoma. 1, 24, 35 The diagnosis of optic nerve glioblastoma can be challenging, 28 since initial neuroimaging may demonstrate an edematous, thickened optic nerve; 9, 19, 21 anterior optic tract contrast enhancement; 4, 28 an enhancing space-occupying cystic 5 or solid lesion; 3, 7 or multifocal enhancing lesions with optic nerve involvement. 1, 24 Considering that optic nerve glioblastoma is a rare entity, the differential diagnosis in patients suspected of harboring these lesions should remain broad. However, one must keep in mind that the variety of neoplastic, infectious, and inflammatory conditions, such as optic neuritis, 35 nonarteritic 4 or arteritic 24 anterior ischemic optic neuropathy, central retinal artery or vein occlusion, 21 or neurosarcoidosis, 15 which are included in the differential diagnosis at the time of presentation, may initially lead to the misdiagnosis of this rare condition. Moreover, the differential diagnosis of neoplastic lesions of the optic nerve may include low-grade glioma, 10 meningioma, lymphoma, craniopharyngioma, pituitary adenoma, 5 and metastasis. 1 Abou-Zeid et al. presented a case of MONG that was initially thought, based on neuroimaging, to represent a metastasis in a patient with an asymptomatic renal mass. 1 To further illustrate the challenges in the diagnosis of optic nerve glioblastoma, Balachandran et al. reported a case that was initially diagnosed as nonarteritic anterior ischemic optic neuropathy. 4 The initial histopathological examination of the optic nerve biopsy demonstrated necrosis and scattered neutrophilic infiltration, without evidence of malignancy. However, subsequent MRI showed optic nerve thickening, and repeat biopsy findings were consistent with glioblastoma.
Local recurrences are common in glioblastomas; 38 up to 90% of all recurrences occur within 2-3 cm from the primary lesion, 18 while remote recurrences involving the contralateral hemisphere occur in only 4% of cases. 32, 33 Transtentorial spread of malignant gliomas is exceedingly rare, with only 2 previous reports: one of a left frontal glioblasotma 36 and another of a right temporal anaplastic astrocytoma (WHO Grade III). 16 Similar to supratentorial glioblastomas, MONGs also tend to recur locally, with 1 report of supratentorial dissemination of MONG to the ipsilateral thalamus, temporal lobe, and midbrain 7 months after diagnosis. 19 In this report, we present the first case of transtentorial spread of an optic nerve glioblastoma to the cerebellum. Although gliomas arising within the cerebellum account for 0.4%-3.4% of all gliomas and the majority of them are glioblastomas, 8 the similar histopathology and molecular profiling of the cerebellar lesion and the primary optic tumor, as well as the time course of devel- Our patient died 4 months after diagnosis of the recurrent cerebellar lesion, which demonstrated aggressive behavior and rapid progression despite gross-total resection. Patients with glioblastoma recurrence after the initial surgery and chemoradiation therapy are offered a second resection in as many as 58% of cases, 31 with a national reoperation average of 14%, 22 but the benefit to survival remains controversial. 6 
Conclusions
We present, to the best of our knowledge, the first case in the literature of transtentorial dissemination of an optic nerve glioblastoma to the cerebellum. Although an optic nerve glioblastoma represents a rare entity and a diagnostic challenge, it should be considered in the differential diagnosis of a patient presenting with rapidly progressive visual loss. Although the overall survival of optic nerve glioblastoma patients may be shorter than that of lobar glioblastoma patients, the management strategies are not substantially different. Specifically, ipsilateral visual preservation should not compromise the extent of resection, and every effort should be made to reduce the risk of disease progression along the unaffected optic pathways to prevent total blindness. 
